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� 1  iWjK56W�89@hK�� 

Fig.1  Preparation processes of pure W and K doped W-based 

alloy 
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Table 1  Typical chemical impurities and basic properties of 

samples
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Element content/µg·g
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Before sintering  After sintering 

Sample 

K Al Si  K Al Si 

Densification/

% 

Grain  

size/µm 

PW 6 1  ¡5  - - - ¢97 5.74 

WK82 82 30 185  62 22 30 ¢97 3.61 

 

 

 

 

 

 

 

 

 

 

� 2  W-K89 SEM£¤j¥¦@ EDS�§ 

Fig.2  SEM morphology (a) and the corresponding EDS spectra (b, c) of W-K alloy (the red arrows in Fig.2a point to the intragranular and 

intergranular nanopores)
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A: vacuum pump; B: pressure gauge (1×10

5

 Pa); C: standard tank 

(716.28 mL); D: thermocouple gauge; E: diaphragm gauge (1.33

�10

3

 Pa); F: reactor; G: pressure gauge (1×10

6

 Pa); H: deuterium 

storage bed with ZrCo; value 1~11: Swagelok high pressure valve 

(20 MPa) 

 

� 3  opqrª«¬� 

Fig.3  Schematic diagram of gas-phase thermal charging device 

 

j©Ñ$ª«sCt28¬	
�¼O�sFt:�

�¼���®:O�¯pq@Ñ10 Pa8Ø�¸�

��10 ¦/min�°;�®¯pq�¢£¸�®500 

¦�V°30 min8±²¯q�|¼500 kPaÓ��V�

2 h:�ã7l³~��´¶¬O�H®µ�8�

®2¶·�Ó�¸¤¥¦¹º89
ÒR	
»¼�

}��´�ÒX;ÝÞ´¶³½}�2�*�:

;�Î���8 

�����������

ñÑÓkW2���rH�=yl*®§��r

¾M¿W2»¼�Ó�8<=ã76À6v¨&�

OTF �épqÁ�æPr�l*�r 1100 ¦�¸�

¶[k 20 ¦/min Â¤�8	
�ÑïÂJ��ÃÄ

ÅÆÁ2�ã7 S�ÇÈ*åÉ��1	
�Ê�¨

���rª�L8	
*�����|}ÁË¸Ì

#v�sQM422�Pfeiffer Vacuum GmbHt<£�Î�

�����/ÍÎP6$ªÏ�z�$J��FÐê

Ó0�/ÍÎ-r1Ï[�[L!�\��Ñ�º:

ÒÓ¼Ô��a.~�ÕÖ�F�[ FsD @�

/m

3

·s

-1

t8 

A

sample

LN

F

V RT

=

                          (1) 

�2�L
|}[L!��qÕ:�Ï[sPa·m

3

/st�

V

sample


	
��×sm

3

t�T
�rsKt�R
��

ÀÑs 8.314 J·(mol·K)

-1

t�N

A


ØÙÚÛÜÀÎ

(6.02×10

23

)8X�r
ÝÞ�D

2

Ú HD �[
ßÞ

	,�¤X�F W Ú W-K �*��8¬*�à

[�á£íz�×��¤��	
2 D��Î8

9*�}�2 D 1��2����� H

2

âã�®

ß� H

2

kÌ#v�äå�	7��Í��¢�¿æÕ

O�9:ÙÖç�Î£=ÝÞ HD �èé��

ï�ê�rëX D

2

ÍÎ
ìÓz�ÑÓ»¼8 

���������

�����	
�� D ������

�Ô*����2»¼Óíy(��0î¹Äï

�Ú������° �����34�»¼~�

������LÊ«��34ð�ñÓ�JK8X 10

Ú 5 K/min¸�¶[æP PWÚ WK82z���¸

���� D �*��w, 4a Ú 4b�	
_r�

á
 1Ú 3 mm8 

k*�}�2��¢�¿¸W2�Ð½ß�¹Ä

ò��+�ó�vë�âv@�\�?}�2���

�qô��ÒXk*��,2Á�� 1 õâöõ

�ê�1 õ�êO 1 ½ï�¹Äò��*CD}

�8ñ, 4a¤X���PWÚ WK82� D*�ê÷

R 1õ�¤M�9
Äø1 D@�ùí�P6M`§

�©�9:ÐõÄøÒO�*�à[ÔÕæú�

���<< 1 õ�ê8H¸�¶[�Ê«ûò 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  PW® WK82opqr D@qz{§ 

Fig.4  Thermal desorption spectra of gas phase thermal charge D  

for PW and WK82 at 10 K/min (a) and 5 K/min (b) 
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� 5  Oda¯°@ H�a@V±²7�@��³´ 

Fig.5 Potential energy curve for H atom assumed in 

poly-crystalline tungsten by Oda’s study
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� 6  µS¶B·¸�@ PW¹ WK82qz{§ 

Fig.6  Thermal desorption spectra of PW (a) and WK82 (b) at  

different heating rates  
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� 7  Gº»¼s½8¾¿ D�a@z{�-� 

Fig.7  Activation energy of thermal desorption based on least 

square method fitting 
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� 8  i Wj W-K89ÀÁÂÃ 

Fig.8  Fracture morphologies of pure W (a) and W-K alloy (b) 
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� 9  ÅÆ 2 mm@ Wj W-K89� D@z{Çl 

Fig.9  Desorption amount of D atom in W and W-K alloy with  
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Thermal Desorption Behavior of Deuterium by Gas-phase Thermal Charge from 

Potassium Doped Tungsten Alloy 
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Abstract: As the most promising plasma facing materials (PFMs), potassium doped tungsten alloy exhibits excellent high temperature 

mechanical properties. In order to evaluate the hydrogen isotope residence in WK alloy, the pure W and the WK alloys doped with 82 µg/g 

potassium were prepared by spark plasma sintering (SPS). After deuterium was introduced into potassium doped tungsten alloy by 

gas-phase thermal charge, thermal desorption spectra (TDS) were obtained at different heating rates. The results show that deuterium 

release occurs gradually at 600Ä1200 K. And after doping K, the activation energy of thermal desorption of deuterium reduces from 0.86 

to 0.68 eV. The retention of deuterium in tungsten sample is less than 1×10

-6

 (atom ratio) and it is enhanced with doping K, but still lower 

than that of commercial pure W alloy. 

Key words: plasma-facing materials; potassium doped tungsten alloy; gas-phase thermal charge; thermal desorption; deuterium retention 
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